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The study of how we understand the meaning of actions performed by others has seen a resurgence in the last few years, triggered in part by the discovery of a population of neurons that becomes active both when a monkey executes a specific action and when it sees another individual make a similar movement [1] [2] [3] . The existence of these so-called 'mirror' neurons has given credence to the direct-matching hypothesis, which stipulates that actions are understood because observation of an action activates the same neural circuitry required to perform that action. For example, a single cell that discharges when a monkey grasps an object with its fingers would also discharge when it sees another monkey picking up a small fruit. The monkey would then recognize that specific movement because it mapped the observed action onto its own neural motor representation. The existence of mirror neurons in humans was recently suggested by transcranial magnetic stimulation (TMS) and brain imaging studies, which showed that the observation of complex actions induces changes in motor cortex excitability [4] [5] [6] and activates brain areas involved in the generation of observed movements [7] .
It has been proposed that imitation abilities in humans evolved out of the mirror system [8, 9] . A recent study [10] has now provided support for an involvement of mirror neurons in the acquisition of language, even without the requirement of visual input. Kohler, Rizzolatti and colleagues [10] recorded single units in the monkey premotor cortex (area F5) and found a population of neurons that discharge when the monkeys perform, see or hear the same action. These 'audiovisual' mirror neurons can show exquisite selectivity. For example, the authors describe a cell that discharged when a monkey broke a peanut, saw an experimenter break a peanut or heard a peanut being broken out of view. However, observation of similar actions, or exposure to their associated sounds, did not modulate the firing rate of this neuron. These observations within individual cells were confirmed in a population analysis, where it was shown that neurons could discriminate between different action sounds. Furthermore, the specific action-related sounds associated with a given neuron elicited the strongest responses during the observation and execution of that preferred action.
These data have important implications, not only for understanding actions, but also because of the insights they provide into how language may develop in humans. Area F5, where audiovisual mirror neurons are located, is the monkey homologue of human motor speech area BA44 (Broca's area) [11] , and imaging data in humans have revealed the presence of an observation-execution matching system within Broca's area [7] . So, in addition to strongly suggesting the involvement of mirror cells in imitation and action understanding, the new data of Kohler et al. [10] indicate that the human premotor mirror neuron system may very well be involved in the imitation and acquisition of speech [12] .
Indeed, it was recently reported that passive speech listening in human subjects leads to increased excitability of the primary motor cortex representation of tongue muscles [13] . In that study, TMS-induced motor-evoked potentials from the tongue were significantly increased when listeners heard words containing a double 'r' consonant, suggesting a resonance mechanism similar to that reported during action observation. Although imaging studies have revealed no activation of primary motor cortex when subjects passively view actions being performed [14] , it has been shown that premotor activation can affect the excitability of the primary motor cortex [15] . The results of Kohler et al. [10] add further support to the notion that speech acquisition may involve a mechanism whereby speech listening activates speech motor centers, in line with the motor theory of speech perception [16] . Indeed, the discovery of audiovisual mirror neurons [10] shows that auditory input can be integrated by the cortical areas involved in speech production.
A number of interesting inquiries and experiments come to mind to follow-up on the concept of the mirror cell system being multi-modal and critical for language acquisition. Most humans are left-hemi-sphere dominant for vocalizations and language. This might be the consequence of an asymmetry in the mirror cell system, with a left-hemispheric predominance. If so, inter-hemispheric differences in the mirror cell system should be demonstrable in humans, even though none has been noticed in monkeys. Anatomical studies demonstrating interhemispheric differences in the size of Broca's area in humans might index such asymmetries in the mirror cell system. Furthermore, most humans are righthanded, but preferred use of the right hand generally does not develop in humans until the second year of life and clear asymmetry in the use of one hand during the first year of life is generally considered a neurological sign of congenital or perinatal brain damage. The human predominance of right-handedness may develop as a secondary consequence of the preferential activation of the left-hemispheric premotor mirror cell system during gesture and vocalization -language acquisition. Speech production or exposure to speech sounds can facilitate the cortico-spinal projection of the dominant, but not of the non-dominant hemisphere in humans [17] . Longitudinal developmental studies to assess when such lateralization develops would be most interesting.
If the mirror cell system plays a critical role in language acquisition, delays in language acquisition in the blind ought to be expected. Indeed, language development in blind children has been extensively studied and shown to be abnormally delayed [18] . In addition, blind children tend to use many formulae and imitations in their speech. One possible explanation would be to consider such verbal routines and stereotypic speech the equivalent of copied gestures. Rather than imitating in gestures, blind children reproduce chunks of maternal speech associated with particular contexts, possibly because of the activation of mirror cells by the sounds associated with actions now demonstrated by Kohler et al. [10] .
Such auditory activation of the mirror cells in blind children might drive language acquisition, but be less effective than the combined visual and auditory activation in the sighted, hence the delay in language acquisition in the blind. Interestingly, congenitally blind subjects often show no definite preferred handedness, possibly because of the missing association between gestures and language acquisition. What, then, might happen in blind-deaf children? How did a deaf-blind individual like Laura Bridgeman acquire language? She did so with substantial delay and using tactile exploration as a major part of her learning process. Are mirror cells responsive not only to sound and sight, but also to touch and other sensory stimuli possibly associated with a given performed or observed action?
Finally, pathological, congenital dysfunction of the mirror cell system in humans would be expected to dramatically affect social interactions, as a result of the disruption of gesture interpretation and acquisition. Furthermore, abnormal mirror cells would lead to poor language development. Autism might be the clinical manifestation of the congenital dysfunction of the mirror cell system [19] . Congenitally blind children that have normal mirror cells but lack the visual input to drive them show autism-like behaviors in addition to language acquisition delays (for review see [18] ). Clinical differences in autism spectrum disorders might be the consequence of differential dysfunction of various mirror cell subpopulations, for example those that respond to visual versus those that respond to auditory or other sensory stimuli. Studies on the physiology of the mirror cell system in autism might provide critical insight into the pathophysiology and possible therapeutic strategies for this disorder. Furthermore, genetic studies on the development and differentiation of mirror neurons may provide novel insights into the cause of these disorders and into the fundamental basis of the development of human language.
